INTRODUCTION {#sec1-1}
============

Diaphragm pacing stimulation (DPS) is a treatment method used in respiratory failure which develops in the course of diseases such as high-level cervical spinal cord injury, central hypoventilation syndrome and amyotrophic lateral sclerosis.\[[@ref1][@ref2]\] For DPS to be effective, a non-injured phrenic nerve and a functional diaphragm are required.\[[@ref1]\] Currently, the indications for the use of DPS are gradually increasing.\[[@ref3]\]

By providing negative pressure ventilation with the diaphragm such as normal physiology, DPS may replace mechanical ventilation and reduce the need for mechanical ventilation or may postpone the requirement for mechanical ventilation.\[[@ref2]\] In the long-term, it has been shown that it also reduces respiratory infections and health expenses, and improves the quality of life.\[[@ref2]\]

In patients with poor performance status, morbidity and mortality increase as the duration of time to surgery prolongs. Accordingly, post-operative complications, intensive care necessity, duration of hospitalisation, and cost increase. The most frequent complication of intra-abdominal interventions is peritoneal adhesions which occur up to 93% following abdominal surgery.\[[@ref4]\] These adhesions may cause serious complications and prolongs the duration of the surgery; increasing the costs, particularly in re-operations.\[[@ref5][@ref6][@ref7][@ref8]\]

We observed that patients with intra-abdominal adhesions due to previous abdominal surgery had a prolonged operation duration and increased complications during DPS implantation procedure. Therefore, we developed a modification of the surgical technique that would reduce the contacting the peritoneal surfaces during DPS surgery and shorten the operation duration. In this study, we aimed to evaluate the effects of these modifications on the operation duration, and the early intra-operative and post-operative complications.

MATERIALS AND METHODS {#sec1-2}
=====================

The data of a total of 54 patients, who had undergone DPS implantation surgery between April 2012 and June 2014 in our clinic were evaluated retrospectively.

Patients {#sec2-1}
--------

The demographic characteristics of the patients, indications for DPS procedure, the operation duration, intra-operative and post-operative complications, history of previous abdominal surgery and percutaneous endoscopic gastrostomy (PEG) status were evaluated. The operation duration was defined as the period from the beginning until the end of the surgery.

The patients were divided into two groups according to the surgical technique applied.

Group 1: Patient who had undergone classical surgical procedureGroup 2: Patient who had undergone modified surgical procedure.

Surgical procedure {#sec2-2}
------------------

### The classical surgical procedure {#sec3-1}

As described before in detail by Onders *et al*.,\[[@ref2][@ref3]\] the patients were placed in the supine position, with the arms open in both directions, and the head in 30 degrees elevated position. The laparoscopic procedure began with the entry of a 10 mm port and the camera from the supra-umbilical region. This was followed by placement of the right and left subcostal 5 mm ports. Then, the motor regions of the diaphragms that responded efficiently to the electrical stimulations were determined. After observing an efficient contraction of the diaphragm, the falciform ligament was longitudinally transected with a hook cautery. Finally, a 12 mm epigastric port was placed, through which the application tools would pass and two electrodes were implanted onto both diaphragms (NeuRx, Synapse Biomedical, Oberlin, Ohio). For easy entry of the application tool, the free tips of the electrodes were left in the abdomen. After all, electrodes were implanted, the tips were removed with the help of the Endo-Dissector, through the epigastric port. Then, the system was tested. The fifth electrode was left in place subcutaneously as the anode electrode and all were connected to the system. After all incisions were sutured, the system was re-tested.

### Modified surgical procedure {#sec3-2}

The first modification -- to incise the falciform ligament non-longitudinally, only a 3 cm window was opened so that the applicator could pass to the opposite diaphragm \[[Figure 1](#F1){ref-type="fig"}\]. The second modification -- 15 mm epigastric trocars were used instead of 12 mm trocars, for the entry. In this way, the free tip of each electrode implanted onto the diaphragm could be removed from the abdomen with the applicator \[[Figure 2](#F2){ref-type="fig"}\].

![The first modification: To incise the falciform ligament non-longitudinally, only a 3 cm window](JMAS-14-273-g001){#F1}

![The second modification: 15 mm epigastric trocars were used instead of 12 mm trocars, for the entry](JMAS-14-273-g002){#F2}

Exclusion {#sec2-3}
---------

Patients with previous abdominal surgery or PEG were excluded from the study.

Statistical analyses {#sec2-4}
--------------------

Statistical analyses were performed using the SPSS (Statistical Package for Social Sciences) 22.0 software package (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). Mean and standard deviation or median and minimum-maximum values were expressed according to the demographic data. Groups according to the surgical procedure were compared by using *t*-test for parametric data. Categorical data were evaluated by Chi-square or Fisher\'s exact test. The value of *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

A total of 54 patients who had undergone DPS implantation. The indications for DPS are presented in [Table 1](#T1){ref-type="table"}. Eleven patients with previous abdominal surgery or PEG were excluded from the study. A total of 43 patients were included in the study. Thirteen patients (30.2%) were female and 30 (69.8%) were male. The mean age was 50.3 ± 15.6. The mean duration of operation was 96.0 ± 14.5. There were 18 (41.9%) patients in Group 1 and 25 (58.1%) patients in Group 2. Age, gender, comorbidities and primary DPS indications were similar between two groups (*P* \> 0.05). The mean operation duration was significantly shorter in Group 2 (105.1 ± 13.8 min in Group 1 and 87.4 ± 9.9 min in Group 2) (*P* \< 0.001).

###### 

Indications for diaphragm pacing stimulation

![](JMAS-14-273-g003)

Intraoperative complications occurred in 5 (11.6%) patients \[[Table 2](#T2){ref-type="table"}\], and complication rates were lower in Group 2, but it is not statistically significant (*P* = 0.382). There was no operative or early post-operative mortality. No serious complication was observed in Group 1. In Group 2, small bowel perforation occurred in a 7-year-old patient due to applicator needle insertion. This patient underwent open surgical repair on the 4^th^ post-operative day. Intraoperative tube thoracostomy was performed on two patients (4.6%) who developed pneumothorax during implantation of the electrodes. Capnothorax was detected in two patients (4.6%) on the post-operative control chest X-ray and treated with the intrapleural catheter.

###### 

Intraoperative complications according to the groups

![](JMAS-14-273-g004)

Post-operative complications developed in 5 (11.6%) patients and complication rates were lower in group 2, but it is not statistically significant (*P* = 0.066). In 3 patients who developed post-operative atelectasis, early bedside fibreoptic bronchoscopy was performed and the atelectasis was resolved. Dislocation of the anode electrode was corrected by re-insertion of the electrodes under local anaesthesia. Complications such as wound infection, deep vein thrombosis or pulmonary embolism did not occur in any patient. The distributions of the post-operative complications are demonstrated in [Table 3](#T3){ref-type="table"}.

###### 

Post-operative complications according to the groups

![](JMAS-14-273-g005)

The total hospitalisation period (clinic and Intensive Care Unit \[ICU\] stay) was found to be significantly shorter in Group 2, compared to Group 1. The comparison of the groups in terms of post-operative clinic, ICU and total hospital follow-up are displayed in [Table 4](#T4){ref-type="table"}.

###### 

Comparison of the groups in terms of clinic, Intensive Care Unit and the total follow up period

![](JMAS-14-273-g006)

DISCUSSION {#sec1-4}
==========

The DPS implantation procedure duration may vary depending on the patient characteristics and the surgeon\'s experience who would perform the surgery. Onders *et al*. determined a mean procedure duration as 98 min.\[[@ref9]\] In this study, we determined the mean operation duration as 105.1 ± 13.8 min in Group 1, to whom we used the 12 mm trocar. The reason for the prolonged operation duration may be related to the learning curve which is included in this group. In Group 2, we used the 15 mm trocar and did not incise the falciform ligament longitudinally. This modification of the technique shortened the mean operation duration to 87.4 ± 9.9 min. In this study, we demonstrated that minimally modification in DPS implantation procedure should shorten the duration of the surgery. Shorter implantation duration can provide lower intra-operative and post-operative complications in these cases.

According to the FDA records, the incidence of serious complications related to the pacing system or the procedure was reported as 3.4%.\[[@ref10]\] The most frequent complication during DPS implantation is the capnothorax, resulting from CO2 influx from the abdomen into the pleural space, with an incidence of 19%.\[[@ref11][@ref12]\] In another paper, Onders *et al*. did not observe diaphragm, lung, intraabdominal solid organ or bowel injuries, bleeding or any other complication that would require open surgery. Severe infection and capnothorax were observed in 1% and 30% of the patients, respectively.\[[@ref2]\] In another study including five cases, capnothorax was observed in two cases.\[[@ref12]\] In this study, capnothorax is seen 11% of the cases in classical surgery procedure. In the modified group, capnothorax was not observed. Pneumothorax rate was found similar in both groups. Post-operative atelectasis was determined 16% of the cases in classical surgery procedure and also in the modified group atelectasis was not observed. Post-operative atelectasis was regressed aspiration of the secretions with fibre optic bronchoscopy and pneumonia was not observed in this study. The complications were higher in classical surgery procedure group but not differed statistically in this study. This would be related to a limited number of the cases.

When we take the hospitalisation duration into consideration, the total hospitalisation duration was significantly shorter in the modified surgical technique group compared to the other group. The prolonged hospital stay would be related with the higher rates of intra-operative and post-operative respiratory complications.

CONCLUSION {#sec1-5}
==========

As a result, with modification in DPS implantation surgery, shorter operation and hospitalisation durations, and less complications may be achieved. In further studies with modified DPS implantation technic in the large case group can demonstrate the reduction of the complications statistically significant.
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